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(57) Absfml: A lliiHe guMonce unit, for Ihe i^bkltince of lines, cables or simttar, wi(h a (im end (JO) M/hlch ntay be flxed ^nd o 
-second end (1 1) whkh is displsceable^ is disclosed. The line goidance unit (2) compH^s a channel (I2X embodied ait segments 
(13). The segmenU oie connected wiih al least one support strip (1). The linegui<iance unit comprises means urhich embody Ihe line 
guidance unM (2) in an are fclalive to » stmFght line jntntng the haxh ends (10. 1 IX in ihe ej^lended state. 
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Line Guidance Unit for the Active Guidance of Lines, Cables or Similar 

[0001] The'objecVof thelnverition refere^^ 
cables or similar or similar flexible member . 

[0002] Line guidance for the active guidance of lines, cables or similar or similar flexible 
member, with a first end which is in a fixed location and with a second end which is movable, 
are known in nimierous embodiments. The classical line guidance unit, which is also called an 
energy guide chain or energy chain consists of individual chain links which form a guidance 
channel. Lines, cables or similar are arranged in this guidance channel. 

[0003] A line guidance unit is known from WO 98/40645 which consists of one-piece protective 
elements made fi*om plastic. The protective element is made in one piece by injection molding 
or casting and, among others, it has parts that are joined witii bendable bridges. The protective 
element is a bottom element with a top side and bottom side and at least one wall segment, which 
can be formed by bending and/or folding in the direction of the top side of the bottom segment, 
by mechanical closing of closing mechanisms to form a closed channel section, where the 
protective element is preferably joined to other similar protective elements or can be joined to 
these so that the channel sections form a channel for lines in the longitudinal direction. 

[0004] Another embodiment of a line guidance unit is known fi'om EP 0 789 167 Al. This line 
guidance unit also serves for active guidance of lines, cables or similar, with a first end which is 
at a fixed location and with a second end which is movable. The line guidance unit has a channel 
which is formed by segments, the segments being connected with a support strip. During the 
operation of the line guidance unit, it forms also the support strip a lower trunk and an upper 
trunk as well as a curved region lying between the lower trunk and upper trunk, as it is 
represented in Figure 1 of WO 98/40645 or in Figure 13 of EP 0 789 167 Al. 

[0005] Based on this, the goal of the present invention is to provide a line guidance unit which 
has higher load-bearing capacity. This task is solved according to the invention by a line 
guidance unit [with the characteristics of Claim 1] having a loaded condition and an unloaded 
condition: a first fixed end> a second movable end: a pluralitv of segments: a support strip joining 
the segments: and a pretensioner joined to the segments to dispose the line guidance unit in an 
arc-shape when the line guidance unit is in an unloaded extended condition for resisting loads 
when the line guidance unit is in the loaded extended condition . Advantageous further 
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developments and embodiments, which can be used individually or combined with one another 
in any arbitrary manner, are the object of the dependent claims. 



[0006] The line guidance unit according to the invention serves for the guidance of lines, cables 
or similar, with a first end, which can be fixed, and with a second end which is movable. The 
line guidance unit has a channel which is formed by segments. The segments are connected to at 
least one support strip. In order to increase the load-bearing capacity of the line guidance unit, it 
is proposed that the segments have means through which the line guidance unit in the extended 
state lies in an arc relative to the straight line connecting the two ends. With this means, the light 
line guidance unit receives a pre-stressing, so that after the lines, cables or similar are introduced 
into the line guidance unit, sagging of the line guidance unit is prevented. The extent of pre- 
stress which is applied to the line guidance unit can be selected as a function of the means. The 
strength values of the segment and of the support strip must always be taken into consideration. 

[0007] The means include at least one common contact surface, the imaginary lengthening of 
which intersects the straight line that connects the two ends of the line guidance unit in the 
extended state. The angle can be smaller or equal to 90°. 

[0008] A design of the line guidance unit in which the means are formed on at least one side wall 
is preferred. This can also result in increased stability of the line guidance unit so that improved 
torsional strength of the line guidance unit is achieved. Separately it is proposed that for this 
purpose the means be formed on the overlapping regions of neighboring segments. 

[0009] Specifically, it is proposed that a segment which has the means have at least one 
protrusion so that the protrusion lies against a neighboring, segment in the extended state of the 
Hne guidance unit. 

[0010] According to another further advantageous embodiment of the line guidance unit, it is 
proposed that the support strip have alternating support sections and linking sections and that the 
support sections and the linking sections be made of materials with different properties using the 
multi-component injection method. 

[001 1] Using this embodiment according to the invention, it is achieved that the curved region 
which is produced in the formation of an upper trunk and lower trunk is relatively small because 
only the linking section with its bending strength influences this. Hereby the support section can 
be formed as an essentially rigid body, while the linking section that joins the two support 
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sections is made of a material which is very bendabie. By suitable selection of the material from 
which the linking section is formed, the bendability of the linking section can be varied and also 
adjusted to the requirements of the curved region of the lines or tubings. 

[0012] The support strip with its support sections and linking sections is preferably produced by 
the multi-component injection method. Alternatively, the support sections and the linking 
sections can be produced according to the multi-component extrusion method. If the multi- 
component extrusion method is used, the support strip can be extruded as such. Alternatively, 
first a plate-shaped blank with carrying and link sections can be formed which is then divided 
transversely to the extrusion direction. This method of producing the support strip also has the 
advantage that support strips with different widths can be produced. 

[0013] In order to reduce the weight of the support strip itself and to increase the strength, it is 
proposed that at least the support sections be formed as profiles, preferably as hollow profiles. 
Especially, the formation of the support sections as hollow profiles also has the advantage that 
relatively high savings in material is achieved, which results in a more economical manufacture 
of the support strip. Furthermore, when the support strip is designed as a hollow profile, the 
support strip will have increased stiffiiess. 

[0014] The support strip of the line guidance unit for active guidance of lines, cables or similar 
preferably includes at least two support strip sections joined together. The joining of several 
sections makes it possible to produce support strips of arbitrary length. Also, with such joining, 
the length of the support strip can be adjusted exactly to the particular application according to a 
modular concept. The possibility also exists of arranging several sections next to one another 
and connecting these so that this will increase the possible variations of the widths of the support 
strip and thus of the line guidance unit. Moreover, a support strip section can be joined with at 
least two other support strip sections. Here a division or combination of lines, cables or similar 
guided in a line guidance unit to at least two line guidance units is made possible. 

[0015] The support strip sections are joined together preferably by positive and/or non-positive 
locking. Especially, it is proposed that the sections be joined so that they can be separated. The 
possibility of separation results in special flexibility when using the support strips. Especially, 
long support strips can be shortened again without difficulties when needed. Alternatively, the 
support strip section can be joined so that they cannot be separated. Hereby, the possibility 
exists to join the support strip sections with suitable joining means. The joining means can be, 
for example, holding clips. Instead of using joining means for forming a non-separable joint 
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between the support strips, according to an additional proposal, the support strips can be glued or 
welded together. 



[0016] In an advantageous embodiment of the invention, the support sections have a trapezoidal 
and/or rhomboidal shape. With the aid of trapezoidal and/or rhomboidal support sections, the 
path assumed by the support strip in three-dimensional space can be influenced and tailor-made. 
Especially, when isosceles trapezoids are used, the carrier support strip describes a helix, where 
the slope of the helix is determined by the angle of the support sections to one another. With 
such a support strip, for example, lines of a robot arm, that carries out a sliding rotational 
movement, that is, a combination of a translational movement and rotational movement, can be 
guided reliably. Alternatively, the link sections are made trapezoidal and/or rhomboidal. By 
having a trapezoidal and/or rhomboidal design of the link sections, the elastic properties of the 
support strip are influenced. Especially in this way tilting movements around an axis lengthwise 
to the support strip can be allowed. 

[0017] The line guidance unit has a channel which is formed by segments that are connected 
with a support strip. Here, the spatial requirement for the incorporation of the line guidance unit 
is reduced. There is also the possibility that the segments are connected to each support section. 
This is not absolutely necessary. Thus, selected support sections can be joined with segments. 
Also, several support sections can be joined to only one segment. In this way, the stif&iess of the 
line guidance unit is influenced, which is especially important when a long line guidance unit 
must be pushed together, jolted, stacked or rolled up and exposed to pressure. By stiffening 
several support sections, the behavior of the line guidance unit can be determined in a designed 
manner in case of exposure to pressure. Especially, in order to achieve a particularly tight 
packing of a composed energy guide chain, the number of layers into which a line guidance unit 
will be folded when it is pushed together can be predetermined in a controlled! manner. 

[0018] For slight adjustment of the line guidance xmit according to the invention to different 
cases of application, it is proposed that the segments be joined to the support sections with 
positive or non-positive locking. Especially it is proposed to join the segments to the support 
sections so that they can be separated. Instead of having a separable joint of the individual 
segments to the support sections, it is also possible to join the segments to the support sections so 
that they cannot be separated. This can be done, for example, by gluing or welding. 
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[0019] Especially, it is proposed that, in order to produce separable joining of the segments to 
the support sections, the latter have some joining means. The joining means can be designed as 
clip aiTangemOTtsl)r^lug^^^ - - - 

[0020] Preferably, a line guidance unit is proposed in which the segments have side walls and 
each support section has at least one side wall has connecting means, such as a recess and/or a 
first protrusion which is designed so that the first protrusion engages in the recess. As a result of 
this the possibility is achieved to provide a simple and compact construction for the line 
guidance unit according to the invention. Especially, with this measure, the line guidance unit 
can be adapted to any specific case of application according to the modular principle. 

[0021] According to still another advantageous embodiment of the line guidance unit, it is 
proposed that at least one support section have a lead-through running in the longitudinal 
direction, through which at least one connecting element extends, which joins the side walls of a 
segment. As a result of this, a modular-type design of the line guidance unit is provided which 
exhibits high flexibility regarding different cases of application, and where the nimiber of the 
components necessary for constructing the line guidance imit is relatively small. 

[0022] In order to simplify the mounting of the line guidance imit, according to a still further 
advantageous embodiment of the line guidance unit according to the invention, it is proposed 
that at least one segment have side walls which are connected through a first transverse bridge. 
Each of the side walls has a second protrusion which face each other and the support section is 
arranged between the first transverse bridge and the second protrusions. By pressing together the 
end regions of the side walls which lie opposite the first and the second protrusions, respectively, 
the distance between the protrusions is increased so that the strip can be introduced into the fi-ee 
space lying between the first transverse bridge and the protrusions, without complicated handling 
being needed for this. 

[0023] Advantageously, at least one segment has side walls which are joined through a second 
transverse bridge. The second transverse bridge contributes to the stiffness of the line guidance 
unit. It may also serve to cover the inside space of the line guidance unit by having the second 
transverse bridge essentially covering the segment. Alternatively, at least one segment has side 
walls where at least one side wall has a partial bridge which is facing the opposite side wall. 
With the aid of the partial bridge, lines, cables or similar can be simply inserted or taken out 
firom the line guidance unit. With the aid of a partial bridge, it is also possible to increase the 
distance between the protrusions by pressing together the opposite end regions of the side walls. 
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in order to introduce the support strip into the free space between the first transverse bridge and 
the protrusions. 



[0024] Advantageously, at least two neighboring segments each have a side wall, where at least 
one side wall has an overlap region which overlaps the other side wall. The overlap region can 
have two functions: first of all, it provides sealing between the segments so that the lines, cables 
or similar are exposed less to the environmental influences. On the other hand, the overlap 
region provides improved stability, especially it provides higher stiffiiess of the line guidance 
imit against undesirable twisting or tilting of the segments with respect to one another. 

[0025] Preferably, the overlap is essentially designed as a circular segment. Here, preferably, 
the circular segment is dimensioned based on the tilting angle of the support sections. The 
overlap region of a circular segment shape imparts high stiffiiess and good sealing to the line 
guidance unit with low material consumption, and the weight of the line guidance unit is thus 
reduced. 

[0026] In a special embodiment, the segments are connected with two support strips. In this 
case, the support strips are essentially parallel. As a result of the parallel arrangement of the 
support strips, comparatively wide line guidance units can be built with a low height. Especially, 
in this way, material can be saved. Here too, the width of the line guidance unit can be adjusted 
to the particular case of application. 

[0027] Additional details and advantages of the support strip according to the invention as well 
as of the line guidance unit according to the invention will be explained below with the aid of the 
practical examples shown in the drawing, without the object of the invention being limited by 
these practical examples. 

[0028] The following are shown schematically: 

[0029] Figure 1 shows a line guidance imit according to the invention is a perspective 
slanted view, 

[0030] Fijgure 2 shows a segment of the line guidance unit according to the invention 
according to Figure 1, in the perspective slanted view, 

[003 1] Figure 3 shows an altemative embodiment of the segment according to Figure 2 in 
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a front view, 



[0032]~Figure 4 ishows the segment according to Figure 2 in a side view 



[0033] Figure 5 is an alternative embodiment of a segment for a further line guidance unit 
according to the invention in a perspective slanted view, 

[0034] Figure 6 is a section of the support strip according to the invention in a longitudinal 
section, 

[0035] Figure 7 shows two sections according to Figure 6 joined together, 

[0036] Figure 8 shows an energy guidance imit according to the invention with segments 
according to Figure 5, 

[0037] Figure 9 shows a segment according to Figure 2 in a top view, 

[0038] Figure 10 is an alternative embodiment of a side wall according to Figure 4 in a side 
view, 

[0039] Figure 1 1 is another support strip according to the invention in a perspective slanted 
view, 

[0040] Figure 12 is an alternative support strip according to the invention in a top view, 

[0041] Figure 13 is a plate for the production of a support strip according to the invention in 
a top view, and 

[0042] Figure 14 [enlarges the means] is a partial side view of a pretensioner in accordance 
with the present invention . 



[0043] Figure 1 shows a line guidance imit 2 according to the invention with a support strip 1 
according to the invention in a slanted perspective view, where support strip 1 has support 
sections 3 and link sections 8, which are joined together with the aid of a two-component 
injection technique. Segments 13, 13' are secured on support strip 1, and these have side walls 
15, 15' as a resuh of which a channel 12 is created which can hold lines or cables or similar. 
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which are not shown. Each side wall 15 has a side wall 29 opposite to it. Side walls 15, 15' 
each have a partial bridge 28 which extends in the direction of the opposite side wall 29. Simple 
introduction of lines or cables into channel 12 is possible with the aid of partial bridges 28. 

The support sections 3 are designed with a profile 23 which reduces the weight of the support 
strip 1 and increases the stif&ess of support section 3. The profile 23 includes a recess 16, on 
which segments 13, 13' or the side walls 15, 15', 29 can be secured. Side walls 15, 15', 29 have 
an overlap region 6 with which at the curvature of line guidance unit 2, the channel 12 on side 
walls 15, 15', 29 is sealed. Moreover, the overlap region 6 provides additional stability to the 
line guidance unit 2 by assuming sideways forces applied to side walls 15, 15', 29. Segments 13, 
13' are joined to overlap region 6 around the longitudinal axis of support strip 1 so that they 
cannot rotate. Such a line guidance unit 2 can be produced simply and cost-effectively and 
excels by high versatility and flexibility in application. 

[0044] Figure 2 shows segment 13 according to Figure 1 in a perspective slanted view with side 
wall 15 and the opposite side wall 29 which are joined together by a first transverse bridge 19 
and form channel 12. Furthermore, channel 12 is delineated by partial bridges 28. The side 
walls 15, 29 have an overlap region 6 through which segment 13 can be joined to a neighboring 
segment 13'. There is a first protrusion 17 below. the first transverse bridge 19 and this can 
engage in recess 16 of support section 3 of support strip 1 . Similarly, below the first transverse 
bridge 19, each of side walls 15, 29 has a second protrusion 26, 26' which face one another, 
where the support section 3 can be arranged between the first transverse section 19 and the 
second protrusions 26, 26'. 

[0045] Figure 3 shows segment 13 according to Figure 2 in a firont view, where the partial 
bridge 28 is designed as a second transverse bridge 27, so that the channel 12 is completely 
closed. It can also be seen that the support strip 1 can be fixed between the second protrusions 
26, 26' and the first transverse bridge 19. Moreover, the first protrusion 17 contributes to this 
fixing because it engages into the recess 16 of support strip 1. 

[0046] Figure 4 shows the segment 13 according to Figure 2 in a side view. Side wall 15 with 
the overlap region 6 for joining side wall 15 to a neighboring side wall can be seen. 

[0047] Figure 5 shows a composable segment in a perspective slanted view with joining means 
15, which are formed by joining elements 18, with which side walls 15, 29 can be joined 
together. With its support section 13, support strip 1 is tensioned between joining element 18 



10 



wo 03/085794 



PCT/EP03/03536 



and the second protrusion 26. A third protrusion 30, 30' contributes to further stabilization of 
line guidance unit 2 by the fact that a third protrusion 30 of a segment 13 engages between the 
tfiird'protrusidn 30' <^^^ - — . _ _ 

[0048] The overlap region is designed so that in the extended state the line guidance unit is arc- 
like with respect to a straight line connecting the two ends. As a result of this, pretensioning of 
the line guidance unit is achieved. For this purpose, the side walls in the overlap region are 
designed correspondingly. 

[0049] Alternatively or additionally, at the upper end region of the walls, protrusions 33 can be 
formed through which the. neighboring segments can be pivoted with respect to one another 
around a link axis lying in the support strip region, so that, in the unloaded state, the line 
guidance unit is curved in an arc-like fashion. 

[0050] Figure 6 shows a first section 4 of a support strip 1 according to the invention in a 
longitudinal sectional view. The support sections 3 are joined together by link sections 8, with 
the support sections 3 being designed as profiles 23. 

[0051] Figure 7 shows two sections joined together, a first section 4 and a second section 5, 
which are joined together so they can be separated. Here, the length of supports strip 1 can be 
lengthened or shortened, depending on the application. In order to produce a separable joint, a 
first joining piece 31 and a second joining piece 32 are used, which engage into one another and 
preferably can be clipped together. 

[0052] Figure 8 shows an alternative embodiment of the line guidance unit 2 according to the 
invention with segments 13 and side walls 15, where a first end 10 of the line guidance unit 2 can 
be fixed at a given location in space and a second end 11 of the line guidance unit 2 can be fixed 
to a movable part, for example, to a robot arm which is not shown. 

[0053] Figure 9 shows segment 13 according to Figure 2 in a top view. The side walls 15, 29 
have partial bridges 18. The side walls 15, 29 have overlap regions 6, 6'. They serve to stabilize 
the line guidance unit 2 against rotation along a longitudinal axis of support strip 1 or against 
tilting of two neighboring segments 13. Overlap regions 6, 6' seal channel 12 on the side. 

[0054] Figure 10 shows a side wall with an alternative design of overlap region 6, 6', where the 
overlap region 6, 6' is designed as a circular segment. This is especially advantageous when 
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supporting strip 1 and the line guidance unit 2 are curved and thus the openings that form 
between segments 13, 13* must be covered. 

[0055] Another embodiment of support strip 1 is shown in Figure 1 1, where the support sections 
3 are tubular, especially designed as hollow tubes, and the link sections 8 are designed as 
bridges. The first joining piece 31 represents a recess for the second joining piece 32. With the 
aid of the two joining pieces 31, 32, the support strip 1 can be lengthened arbitrarily or its length 
can be adjusted. Thus, the support strip 1 can also be fixed at its ends. 

[0056] Figure 12 shows another embodiment of the support strip 1 according to the invention 
with support sections 3 and link sections 8, where support section 3 and link section 8 have a 
trapezoidal and rhomboidal shape, respectively. As a result of the trapezoidal design of support 
section 13, a certain path that support strip 1 can describe in three-dimensional space is 
predetermined. In the case of isosceles trapezoids, the support strip 1 can perform a helical 
movement. 

[0057] Figure 13 shows a plate 20 with which a number of support strips 1 can be produced 
simultaneously, by having such a plate 20 with support strips 21 and link strips 22 be extruded or 
injection-molded in a two-component method and then cutting the plate 20 into support strips 1 
in a direction transverse to the support strips 21 and link strips 22, respectively. Here, the 
direction of the cuts can run perpendicularly to the support strips 21 and link strips 22, 
respectively. However, they can also lie obliquely to it. As a result of this, trapezoidal link 
sections 8 and support sections 3 are produced. 

[0058] The support strip 1 according to the invention of a line guidance unit 2 for active 
guidance of lines, cables or similar, is characterized by the fact that the support strip 1 has 
alternating support sections 3 and link sections 8 and the support sections 3 and the link sections 
8 are made of materials wdth different properties using the multi-component method. With the 
aid of the support strip 1 according to the invention, the line guidance imit 2 which has such a 
support strip 1 can be used in a simple, robust and cost-effective manner for the guidance of 
lines, cables or similar. 

[0059] Figure 14 shows the side walls of neighboring segments. The side walls [13, 15] 15, 15' 
[sic, 13 is segment] have means through which the line guidance unit lies in an arc shape in the 
extended state wdth respect to the straight line that joins the two ends. The means have a 
common contact surface 34, the imaginary lengthening of which in the extended state of the line 
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guidance unit intersects the straight line that connects the two ends. The means are formed by 
overlapping regions. These overlapping regions can be the protrusions 30 described in Figure 5. 
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